We assessed the blue and green water consumption for cultivating barley in the Thi-Qar province, Iraq. CROPWAT 8.0 model was used to compute the total crop water use for both crops based on the meteorological data such as rainfall, maximum and minimum temperature, wind speed, sunshine and humidity as well as the soil and crop characteristics. The Penmann-Monteith method has been applied to calculate the evapotranspiration rate. The results showed that the ranges of blue water consumption for barley for10 years were between 761 m3/ton -2,275 m3/ton. Whereas the green water footprint for the same years was ranged from 47 m3/ton -1,235 m3/ ton. The results of this study can provide valuable information about water consumption and water availability in the Thi-Qar Province and serve as a guideline to solve or reduce water scarcity problem, thus help the relevant authorities to adopt new water strategies for Thi-Qar Province, Iraq.
INTRODUCTION
Freshwater has always been a life-essential resource to human beings and important for the agriculture sector to irrigate and supply water for crops cultivation. However, international law concerning cross-national freshwater resources is poorly developed, viewed as contradictory and often unenforceable [16] . Unlike any other commodity (such as oil), there is no substitute to water [15] . The increasing water scarcity due to rising water demands and a changing climate is seen as a main issue for many countries. Cooperation and initiative from various relevant agencies such as government, private sector and public are urgently needed to achieve sustainable water management [9] . At the same time, several indicators suggest that water scarcity will become an even worse in the future. In addition, access to water will be reduced because of increased demands (population growth and industrialization), reduced water quality (resulting from pollution) as well as uneven distribution of the resource and climate change [12] . Climate change, water pollution, high water demand and overuse of water are the main causes lead to water shortage. While water crisis is defined when there is not enough clean potable water for a given population. Two mechanisms are involved in water scarcity, i.e. physical water scarcity and economic water scarcity. Physical water scarcity occurs when natural water resources are inadequate to supply a region's demand, while economic water scarcity is when the sufficient available water resources are poorly managed.
The largest consumer of water across the region is from the agriculture sector where it accounts for more than 70% of water demand [8] . Therefore, the water shortage issue cannot be addressed without a detailed consideration of agriculture sector [17] . Water scarcity is one of the serious problems facing the Arab region. Iraq comes first on the list of countries that suffer from this problem for many reasons [1] . It is about time to assess the sustainability of freshwater consumption by agriculture sector using a water footprint approach. The water footprint is an indicator of freshwater use that looks at both direct and indirect water use of a consumer or producer. Water use is measured in terms of water volumes consumed (evaporated or incorporated into a product) and/or polluted per unit of time. The water footprint is a geographically explicit indicator, showing not only volumes of water use and pollution, but also the locations [2] . Water footprint used to show the location or area where water needs to be available for products and services [5] . . It is about 370 km southeast of Baghdad between 31° 14 N -46° 19 E. The capital city of this province is Nasiriyah. Thi-Qar Province is characterized by long hot summer and short winter with low rate of rainfall throughout a year.
Conceptual Framework
In this study, the terminology and calculation methodology was adopted from the Water Footprint Assessment Manual, which consists of the global standard for water footprint assessment developed by the Water Footprint Network [13] . The water footprint is an indicator of water use that looks at both direct and indirect water use of a consumer or producer. Direct water use refers to the water use by the consumer or producer itself. Indirect water use refers to the water use in the production chain of products bought by the consumer or producer. The water footprint of a product (good or service) is the volume of fresh water used to produce the product, summed over the various steps of the production chain. 'Water use' is measured in terms of water volumes consumed. In the present study, blue and green water footprints were assessed for cultivating barley. The blue water footprint is defined as the volume of freshwater that evaporated from the global blue water resources (surface water and ground water) by any activities. The green water footprint is the volume of water The climatic parameters that are required as inputs in the CROPWAT 8.0 model include elevation, coordinates, precipitation, wind speed, minimum and maximum temperature, relative humidity and sunshine cover. The required data were collected from Thi-Qar Province climate stations provided by the Iraqi Meteorological Institute. The average monthly maximum and minimum air temperatures in degrees Celsius (C°) are required. The relative humidity is the ratio between the amount of water in the ambient air holds and the amount it could hold at the same temperature was also used as input. As the temperature changes during the day, the relative humidity also changes substantially. The average daily wind speed in metres per second (m/s) measured at 2 m above the ground level was also required. The height at which wind speed is measured was also considered as wind speeds measured at different heights above the soil surface differ greatly. Daily precipitation data were obtained from climatic stations located in Thi Qar province. In addition, sunshine duration that expresses the cloudiness of the atmosphere was also included in the CROPWAT 8.0 model.
To determine the irrigation requirements of the Thi-Qar Province, information on the various crop characteristics such as length of the growth cycle, crop factors, rooting depth, etc. were collected. A local survey was carried out in the irrigation scheme to assess the crops grown rainfed as well as under irrigation. The present cropping pattern was assessed through field observations, interviews with farmers and additional information from other agencies, for instance the Revenue Department. Crops information collected from the field includes: -Crop and crop variety -First and last planting date -First and last harvesting date -Indicative yield level -Indicative irrigation practices (field irrigation methods, irrigation frequencies and interval, irrigation application depths)
More accurate information was collected from the Agricultural Research Stations on crop characteristics such as length of individual growth stages, crop factors, relating crop evapotranspiration to reference evapotranspiration, rooting depth, allowable depletion levels and yield response factors. Crop co-efficient is the ratio between the actual evapotranspiration of crop (Etc) and the reference crop evapotranspiration. The soil parameters are important for irrigation scheduling and required for irrigation scheduling using the FAO CROPWAT 8.0 model. Soil parameters include Total available soil moisture content, Initial soil moisture depletion, Maximum rooting depth and Maximum rain in filtration rate.
The evapotranspiration rate from a reference surface is called the reference crop evapotranspiration or reference evapotranspiration and is denoted as ETo. ETo is the reference surface and a hypothetical grass reference crop with specific characteristics. The only factors affecting ETo are climatic parameters. The Penman-Monteith method was used for determining ETo (FAO 1998). While, effective rainfall is defined as that part of the rainfall which is effectively used by the crop after rainfall losses due to surface run off and deep percolation have been accounted for. The effective rainfall is the rainfall used to determine the crop irrigation requirements. The efficiency of rainfall will decrease with increasing rainfall. For most rainfall values below 100 mm/month, the efficiency will be approximately 80%. The assessment of the irrigation potential, based on soil and water resources was done by simultaneously assessing the irrigation water requirements (IWR). Net irrigation water requirement (NIWR) is the quantity of water necessary for crop growth expressed in m3/ha per year. Information on irrigation efficiency was gathered to transform NIWR into grossirrigation water requirement (GIWR), which is the quantity of water to be applied in reality including water losses. Multiplication of GIWR with the area that is suitable for irrigation provides the total water requirement for Thi Qar province.
Water Footprint Assessment
Water footprint analysis was carried out following the Water Footprint Assessment Manual developed by Hoekstra et al (2009). The total water footprint of an agricultural cultivation (WFcrop) is the sum of the blue (WFblue) and green (WFgreen) water footprints and expressed in unit of m3/ton [7] . The blue water footprint refers to the consumptive use of surface and ground water considering blue water evaporation, incorporation and lost return flow. Green water footprint is defined as green water evaporation combining the permanent water embodied in the crop, with the rainwater consumed during plant growth (evapotranspiration from plants and soils). Green water is the precipitation on land that does not run off or recharge the groundwater [9] . The blue and green water footprint were calculated from day one of planting until the day of harvesting with a time span referred to as the total length of growing period (lgp). The blue and green water footprints were calculated by:
〖WF 〗_(crop,blue )=〖CWU〗_blue/Y (m3/ton) Equation (1) 〖WF〗_(crop,green )=〖CWU〗_green/Y (m3/ton) Equation (2) Where:
The total water footprint was calculated by summing the blue water footprint and the green water footprint:
〖WF〗_(crop,total )=〖WF〗_(crop,green ) 〖+ WF〗_(crop,blue )(m3/ton) Equation (3) 4.0 RESULTS AND DISCUSSION 4.1 Climate Climate in Iraq is characterized by hot to extreme hot during summer starting from July, June and August and some time to September. Rain season begins in October and ends in May. In the central part of Iraq, the climate is a sub-tropic and it is described by a rainy season starting in October until May in the following year. During the rainy season, the rain could be heavier in October and January. The summer season is dry, hot season and the temperature reaches its highest level starting from July until August. The humidity in the south of Iraq is considered is the highest from 
In the study area the average temperature in winter is about 15 °C during the day and in the night it reach 3 °C, sometime remain above freezing. In summer, the temperature can reach it maximum with 46 °C in July and April. Sunshine in winter is about 5.3 hour per day and during the summer seasons it is about 10.7 hour per day. The wind in Thi-Qar province ranging in winter from 2.1 m/s to 5.1 m/s in summer. The average rainfall in summer which is rarely observed and during the winter season it may reach to 87.3 mm, except for the few occasion that flood happen. The humidity during the winter is about 80 % and in the summer season it reach it lowest about 15 % , due to the nature of dry and hot summer in Thi-Qar Province, Iraq .
Temperature is one of the important elements of climate that has a large effect on the environment and all the organisms that live in it. The changing in temperature has highly affect agriculture sector, which it helps to increase the evaporation rate and may harm crops that cannot endure the high temperature degree. The increasing in temperature will increase the photosynthesis rate and the respiration process; hence it will increase the water demand for these crops during their lifetime. These kinds of effect will also damage the productivity of many staple crops [14] .
The temperature for this study was obtained for ten years from 2005 to 2015. The maximum degree recorded was 46.41 °C in July and April during the summer season, and the lowest degree recorded was 6.7 °C in January during winter season. The temperature starts to increase from April until it reach it highest in June and then starts to decrease until it reach it lowest value in January. Winter starts from January from each year and the lowest temperature recorded in that month can reach until 1.3 °C. Summer is the longest season in Iraq starts from May until September with the highest temperature was recorded in June with 46 °C. Figure 2 shows the average maximum and minimum temperature in Thi-Qar city for duration of 10 years (2005 -2015) . It shows the highest average minimum and maximum temperatures were recorded in June, July and August, whereas the lowest average minimum and maximum temperatures were found in January and December Humidity is the amount of the water vapor in the air or the amount of air moisture which the percentage of the total air vapor can hold [18] . Evaporation is greater in summer and at mid-day than in winter and at night. The average of humidity is low in Thi-Qar Province even in winter season. The maximum rate recorded in January was 62.2%, whereas the lowest rate for humidity was in June and July, when the temperature reaches it maximum degree with about 18.9%. Figure 3 shows the lowest average rate (18.9 %) recorded in June and the highest average rate was during the winter season in February where it reaches up to 53.5 %.
The rainfall starts from October with only 9.84 mm and increasing to reach until 22.4 mm in November (Figure 4) . Rainfall continues in the Province of Thi-Qar province until May with 7.24 mm because of the decrease of the air depressions effectiveness. No rainfall recorded from June to September.
Sunshine is the energy emitted from the sun itself and considers as one of the major energy sources on earth [10] . Figure 5 shows the average of sunshine in Thi-Qar Province for 10 years. Thi-Qar Province is located in the sub-tropical belt and generally receives a considerable amount of sunshine. The lowest sunshine rates were found in January and February, with 5.6 hour/day and 5.4 hour/day, respectively. The highest sunshine rate was recorded in July (11.2 hour/day). Sunshine increases from January to July and decreases in August. From November, it decreases till January, which is the month with the lowest sunshine. The sunshine is lower in winter season because the cloud cover and humidity are high compared to summer season. Figure 6 shows the average annual wind speeds for 10 years. Wind is an air flowing over the earth surface and forms due to the differences of atmospheric pressure that forces air to flow from zones of higher pressure to zones of lower pressure. The wind patterns are primarily the result of both the pressure of gradient force and the rotation of the earth. Over the course of the year in Thi-Qar Province, wind speeds vary from 2.0 m/s to 5.0 m/s. The highest and lowest average wind speed were recorded with 5.2 m/s and 1.9 m/s, respectively.
Water Footprint Assessment in Thi-Qar Province
The water footprint method was used in this study for assessing the fresh water consumption for cultivating barley in the Thi-Qar Province. Water footprint assessment includes the blue water footprint and green water footprint by estimating the blue and green water requirements. The blue water footprint refers to the volume of surface and groundwater consumed (evaporates) as a result of growing crop while the green water footprint refers to the rainwater consumed. 
scarcity and used to assess the impact of water scarcity and quality of the fresh water resources. Agricultural activity in Thi-Qar Province in winter season focused on barley, while in summer season, vegetables and summer grains crops are planted. Barley is more tolerant to soil salinity. Most barley is used as fodder and commonly harvested before full grain production. The growing season for barley is between October to November. In Iraq, 0.4 -0.8 million hectares of barley irrigated each year. Barley prefers adequate but not excessive moisture and does poorly in waterlogged soils [6] . The highest total barley production was recorded in 2013 with 2,275 ton/year in ThiQar Province because of the amount of rainfall was higher as compared to other years. The lowest barley production was recorded in 2008 with 166 ton/year because of inadequate precipitation and the low level of Euphrates River that occurred for a few years.
In Iraq, blue water is considered as a critical resource, especially for agriculture activities during dry season. Iraq is a sub-tropical country which has long dry season. Therefore, the blue water footprint is always high due to the high dependent for water resource to irrigate crops in the area. Figure  7 shows that the blue water footprint for barley cultivation recorded in 10 years ranged from 761 m3/ton -2,275 m3/ton. Whereas the green water footprint for the same years was ranged from 47 m3/ton -1,235 m3/ton. The largest amount of the water footprint in the Thi-Qar Province was recorded for cultivating barley that refers to the water requirement from the planting date of this crop until the harvesting phase.
Comparing the water consumption of different crops can lead us to a better understanding on different water consumption required for growing crops. Barley cultivation recorded high blue water consumption in Thi-Qar Province due to the growing period in summer with high temperature and no precipitation implying that the main water source is from the blue water including surface and groundwater. Previous studies have been done to assess water footprint for growing a number of crops in Kurdistan Province, the northern part of Iraq. Their results show that the green water footprint is higher than blue water footprint, while the present study showed the different results. This is due to the higher precipitation rate received in Kurdistan province compared to Thi-Qar province. Green water footprint refers to the volume of rainwater consumed during the production process. The volume of water taken up by plants from the soil insofar it concerns soil water originating from infiltrated rainwater [5] . The agriculture sector mainly depends on irrigation water than rain water especially in the middle region. In addition, the geographic location of the middle part is dry area which is characterized by water scarcity and low annual rainfall [19] . The precipitation can help crop productivity by providing water. Thi-Qar Province is a tropical area and the rain is rare particularly in summer could influence the crops to successfully grow in that time. Therefore, the main source for agriculture is the surface water in irrigation system for Thi-Qar Province. The high water footprint implying that the area may suffer from water inefficient agricultural practice. The construction of dams is an urgent need to investigate and regulate water for irrigation during summer and winter seasons as well as the water productivity in agriculture can be improved for instance by applying advanced techniques of rainwater harvesting and developing an irrigation network system to guarantee sufficient water. In addition, farmer's skills need to be improved and enhanced to enable them using these systems, locating more investment fund to replacement old network of water installation by modern one and development of agriculture products. This study has the potential to motivate business industries in the food and beverage sectors to improve their supply chain to use less water in their production processes. It is also aims to develop the concept of water footprint as a market driver instrument that would motivate businesses in the food and beverage sector to minimize water consumption throughout their supply chain in Iraq.
LIMITATION AND RECOMMENDATION FOR FUTURE STUDY
In this study, several assumptions and exclusions were made for inventory data, especially the data for the assessment of grey water footprint for barley. Data constraints are the main factor contributing to the successful of the holistic assessment of water footprint for growing crops in Thi-Qar Province. Finally, some recommendations for future study were suggested as following:
i.
The allocation and consumption of water for environmental purposes shall be recognized and given appropriate considerations based on the best scientific information available considering the spatial and temporal water requirements. ii.
Water is a common use resource and the water allocation system shall distinguish and separate water use permit from land title. iii.
All stakeholders should play roles towards sustainable water management in Thi Qar province. iv.
Application of water footprint assessment method to estimate water consumption for other staple crops to obtain a full picture about the information of water availability and water scarcity in in Thi-Qar Province in order to improve irrigation system and to maximize the yield of crop production.
6.0 CONCLUSION The water footprint method that used in this study was considered as a holistic environmental tool to understand the issue related to freshwater resources and what changes are needed to improve the sustainability, efficiency and equitability of water use. The demand for water increases particularly by the agriculture sector with the increasing population size and urban area in Thi-Qar Province. This issue needs an urgent initiative to develop a sustainable water management in order to maintain the limited water resources. The challenge is to reduce the water consumption without affecting the demands thus reducing the water footprint per unit of crop. The high value of total water footprint depends on the total production of the crop per cultivated area (in ha). The results show that the blue water footprint is higher than green water footprint in Thi-Qar Province. Furthermore, green water footprint depends on the amount of the rainfall throughout the year, however, Thi-Qar Province received low amount of rainfall. The blue water footprint depends on the contribution of water relies on irrigation, which is represented the Euphrates River in Thi-Qar as a main source of freshwater. Thi-Qar Province is considered as dry province while the Northern provinces receiving a higher amount of precipitation than Thi-Qar province, the Southern of Iraq. In the present study, the water footprint has a larger component of blue water, implying that the Province relies on applied surface water (primarily in irrigation). Furthermore, there are huge variations of the water footprint or crop water requirement from crops grown in different Provinces of Iraq due to climate and geographical conditions. For example, the cultivation of main crops in North of Iraq depend on precipitation as a main source for the requirements to the growth of these crops because of the amount of rainfall is considered higher in North of Iraq compared to the Thi-Qar Province and other provinces located in the Southern of part of Iraq, which depending on the irrigated system. Thi-Qar Province received rainfall below than 100 mm per year. The climate change in the dry land and semi-arid and sub-humid causes high annual evaporation rates due to high temperatures and their impact on other elements of the climate such as wind speed and solar radiation in excess of the total annual evaporation in the Thi-Qar province. The results of this study are very important for Iraqi Government towards sustainable water management for agricultural sector in Iraq, particularly in Thi-Qar Province. It can also provide guideline for the best management practise for growing crops in this province.
